INTRODUCTION
Changing patterns of sperm cell metabolism and motility usually reflect changes in the environmental condition. Heavy metal ions and sulphydryl reagents influence the duration and speed of swimming as well as respiration and glycolysis. There have been occasional reports that calcium ions also adversely affect mammalian sperm cell activity. Lardy & Phillips (1943) found that an increase in the calcium content of the suspension medium inhibited the respiration and glycolysis of bull spermatozoa. Quinn, White & Voglmayr (1970) recently reported that an excess of extracellular calcium was inhibitory to the motile activity of ram spermatozoa. Bredderman & Foote (1971) (Barron, Nelson & Ardao, 1948; Rothschild & Tuft, 1950; Rothschild & Tyler, 1954; Young & Nelson, 1974) , but there are relatively few data available on the effect of calcium ions on the activity of these spermatozoa. While Tyler (1953) reported that changes in the concentration of external calcium had no effect on the metabolism of Strongylocentrotus purpuratus spermatozoa, he did not investigate the effect of calcium ions on their motility.
In this study, the effects of alterations in the concentration of environmental calcium ions on the motile activity of Arbacia punctulata spermatozoa have been examined.
MATERIALS AND METHODS
Male Arbacia punctulata were induced to spawn by injection of isotonic KC1 (0-53 m) into the perivisceral cavity. The shed spermatozoa were collected under filtered sea water, centrifuged in a clinical centrifuge for 3 min at 1000 g and the supernatant fluid was discarded. The packed spermatozoa were kept at 4°C and were used within 4 hr of collection. Immediately before the motility rating tests, samples of the spermatozoa were adjusted to a final concentration of 107± 10% spermatozoa/ml (optical density of 0-500 at 540 nm).
A 5-ml vol. of a suspension of spermatozoa in artificial sea water (ASW) was added to each of several round colorimeter tubes containing either: (1) 0-5 ml distilled water or 0-5 ml of 90 mM-CaCl2, (2) 0-5 ml of 1 % formal¬ dehyde to kill the cells, or (3) 0-5 ml of the reagent being tested. The tube contents were mixed thoroughly by inverting twice.
The swimming speed of spermatozoa, linearly orientated in a mild centri¬ fugal field (120 g), was determined by measuring the change in optical density and correcting for the sedimentation of the formalin-killed cells (Nelson, 1972) . All experimental procedures were carried out in an air-conditioned room (22 to 23°C) and initial swimming speeds were obtained within 5 min of dilution of the spermatozoa.
Unbuffered calcium-free ASW (Cavanaugh, 1956) 
RESULTS

Calcium chloride
The importance of calcium ions for the motility of Arbacia punctulata sperma¬ tozoa became evident as the concentrated sperm cells were diluted into buffered Ca2+-free ASW to which various amounts of CaCl2 were added. Since Woods Hole sea water contains approximately 9 mM calcium ions (Cavanaugh, 1956) , the swimming speed of the spermatozoa in ASW containing this concentration of Ca2 + was referred to as the control motility. Text- figure 1 shows the motile activity of sea urchin spermatozoa suspended in bicarbonate-buffered ASW which had been brought to CaCl2 concentrations ranging from 0 to 36 mmol/l. After incubation for 10 min in the medium with no added calcium, the swimming speed of the spermatozoa was half that of spermatozoa incubated in ASW containing 9 mmol CaCl2/l for an equal (Manery, 1969; Miledi, 1971) , is intimately involved in the control of contractile processes (Heilbrunn & Wiercinski, 1947; Ebashi, 1972) and is important in the regulation of cell metabolism (Lardy & Phillips, 1943; Quinn et al., 1970) . Extracellular calcium is responsible for modulation of ciliary movement in Paramecium aurelia (Kung & Naitoh, 1973) and plays a similar rôle for the ciliated epithelial cells in the oviduct of Necturus maculosus (Murakami & Eckert, 1972) . These investigators suggest that calcium acts indirectly on one or more steps in the pathway of energy metabolism; membrane stimulation increases the intracellular calcium concentration.
The motile activity of sea urchin spermatozoa also depends critically on the concentration of environmental calcium ions. In these experiments on motility effects alone, we have not attempted to specify directly whether calcium exerts its influence at the membrane, on the glycolytic enzymes, or on the contractile apparatus itself. Since Mg2+ and ATP will reactivate 'demembranated' spermatozoa (Brokaw & Benedict, 1968) it seems fair to conclude that the contractile apparatus cannot by itself respond to the calcium treatments in the manner observed. The cell membrane (Manery, 1969; Miledi, 1971) (Text-fig. 1 ). Barron, Gasvoda & Flood (1949) (Cavanaugh, 1956 (Young & Nelson, 1974) and of neurochemical agents (Nelson, 1972) , changing the Ca2+ concentration does not increase sperm motility above the control level.
